General anaesthesia was given to 22 patients for laryngeal microsurgery using small cuffed endotracheal tubes. The described technique is relatively simple for the anaesthetist, safe for the patient and provides good conditions for the surgeon.
C. Comfort and Safety of Personnel:
1. lack of pollution of the theatre by anaesthetic gases, 2. availability of the equipment -not requiring complicated and expensive apparatus, 3. simplicity and ease of application. The methods which come nearest to satisfying all the above criteria involve the use of general anaesthesia, relaxant drugs, controlled ventilation and the use of some form of cuffed endotracheal tube. While the Pollard compound armoured tube had its usefulness it also had its problems and it has gone out of production (Pollard, personal communication, 1979) . Arterial carbon dioxide tension may rise to high levels, e.g. 71 mmHg as described by Pollard. 4 In 1972 Jacobsen, Skovsted and Thomsen 5 described a slimmer version of the Pollard tube which was made from Flotex tubes. It consisted of a cuffed laryngeal part of 4 mm internal diameter glued on to a pharyngeal part of 6 mm internal diameter. These were used in eight patients who were ventilated manually with inflation pressures of 27-47.6 cm of water and respiratory rates of 14 to 18 per minute. Arterial oxygen tensions were satisfactory at the end of 25 minutes while the PaC02 readings were elevated (up to 59 mmHg) in 50070 of cases.
Coplans 6 described a polyvinyl chloride cuffed nasotracheal tube. It was 31 cm in length and had an internal diameter of 5 mm. The tube provided excellent operating conditions with complete airway protection. However, there was a time limitation. The intra-and postoperative oxygen and carbon dioxide tensions were comparable to preoperative values only if the operating time did not exceed 45 minutes.
In the present study of 22 cases the standard polyvinyl chloride cuffed (Portex blue-line) tube of 5.5 mm internal diameter was used. This is a slim tube with an external diameter comparable to that of the Coplans tube. It also possesses a pliable cuff which allows considerable and symmetrical expansion without rupturing when it is warmed.
MATERIALS AND METHOD
This method of anaesthesia for laryngeal microsurgery was basically that of a standard relaxant anaesthetic with slight modifications. Premedication consisted of atropine 0.6 mg and pethidine (approximately 1.5 mg per kg) given intramuscularly one hour before operation. Before anaesthesia was commenced the endotracheal tube was shortened, using as a length guide one and a half times the distance from the patient's ala nasi to his ear lobule. A curved connector (Magill) of the largest size that could fit the tube was connected. The cuff was then softened in hot water and expanded carefully with 20 ml of air.
For induction, thiopentone (approximately 5 mg/kg) was given intravenously and after test inflation with the mask, suxamethonium was given (1 mg/kg). Oral intubation was done, the corrugated catheter mount attached, and the tube was secured at the left corner of the mouth. The catheter mount was connected as usual to a CIG circle system with carbon dioxide absorption. The patients were ventilated by use of the Bird Ventilator with an Adelaide Box or by manual bag compression. Anaesthesia was maintained with a fresh gas flow of five litres of nitrous oxide and two litres of oxygen per minute. Further incremental doses of 50 mg of thiopentone and halothane were given if the patient was found clinically to be light. Relaxation was maintained with alcuronium 0.2 mg/kg with further doses of 2.5 mg as required to maintain good muscular paralysis.
The pattern of ventilation was very important. Twenty cases were ventilated by Bird Mark 8 Ventilator and Adelaide Box. Inflation pressures were between 18 and 22 cm of water in 19 cases and one obese man of 94 kg required 27 cm H 2 0 pressure. These pressures were much lower than those used by Pollard 4 or by Jacobsen, Skovsted and Thomsen. 5 The inspiratory flow control of the Bird Ventilator was set low to provide a slow long inspiration and a prolonged expiration. The respiratory rate used was five or six per minute in 20 patients (91070) and four and seven in one each. The tidal volume used was large (900 ml to two litres in 21 patients and 650 ml in one patient).
Two patients had severe chronic obstructive lung disease. They could not be ventilated adequately by Bird Ventilator and so were ventilated manually.
Intra-operatively patients were observed closely. Cardiovascular system monitoring included pulse, ECG and blood pressure observations. Respiratory measurements included recording of inflation pressure, respiratory rate and tidal volume. Arterial blood sampling was done through a 1 mm Venflon needle inserted into a radial artery under local anaesthesia one hour preoperatively (with prior testing as described by Allen 7 ) . Blood samples were drawn into heparinized syringes just prior to premedication and at 10 minute intervals after induction and at the end of operation. The samples were stored in ice and then analysed for Po 2 , PC02 and pH. The values were corrected for temperature variations.
RESULTS
There were 17 male and five female patients in the series with a mean age of 54.6 years (range 26-84 years). The mean height was 171 cm (range 156-183 cm) and the mean weight was 67 kg (range 49-94 kg).
There was a wide variety of surgical procedures done as shown in Table 1 . The endotracheal tube lay at the posterior commissure leaving the anterior "Is of the larynx in full view. The rest of the larynx was visible after manipulation of the tube.
The duration of surgery ranged between 10
.·!nut'\{hesla and JlIlell\/I'C ("ufe, Vol. V//I, ."',/u. 4, Sovember, 1980 minutes and two hours with the majority (82070) completed by 45 minutes. Of the remainder, anaesthesia for excision of a vallecular cyst took 60 minutes and a case of teflon injection of a vocal cord required 85 minutes of anaesthesia. It took two hours to excise a patient's pharyngeal pouch and a node on a vocal cord. Mean arterial oxygen tensions were adequate throughout the operation and generally above pre-operative levels (Figure 1) . Arterial carbon dioxide tensions were within the normal range of 40 ± 4 mmHg in 11 cases (50%) and were subnormal in seven cases (32%). In four cases the PaC02 were slightly elevated; the highest value reached was 51 mmHg in a patient with pneumoconiosis and inadequate muscular relaxation (insufficient dose of alcuronium). As expected, there was a high incidence of smoking and pulmonary disorders in these patients. Sixty-eight per cent of them were established smokers and 27% had chronic obstructive lung disease. There were two cases of pneumoconiosis and one of extreme obesity. rapid. Techniques using a cuirass respirators or jet injector 9 ,lo where oxygen alone is used cannot ensure a satisfactory depth of anaesthesia and awareness is a problem. Two patients who had previous laryngeal surgery had been aware when they were anaesthetised using the jet injector technique using 100% oxygen. They were quite distressed by their experience. Laryngeal microsurgery was repeated using the method described in this paper and no awareness occurred. To overcome this problem with jet injector techniques, a nitrous oxide/oxygen blender ll has been used. A cuffed endotracheal tube can best safeguard against aspiration of blood and or debris during surgery, especially when a headup tilt is commonly used during laryngeal microsurgery. For example, during excision of a large vallecular cyst in the present series there was considerable and troublesome bleeding. The blood collected in the trachea above the endo-tracheal tube cuff and was sucked away by the surgeon at intervals.
Many ventilation techniques produce adeq uate gaseous exchange. However, El-Naggar, Keh, Stemmers and Collins 1o have found that manual ventilation using No. 5 cu ffed tubes was unsatisfactory. Pollard 4 reported a patient with chronic obstructive lung disease who had laryngeal microsurgery, whose PaC02 was elevated to 71 mmHg. In the series of Jacobsen, Skovsted and Thomsen 5 the PaC02 were slightly elevated in four out of eight cases after ventilation via their self-constructed Pollard-type tubes. The highest value reached was 59 mmHg. In the present series the highest value reached was 51 mmHg after 40 minutes' ventilation in a patient with pneumoconiosis and poor muscular relaxation. If muscular paralysis had been complete the PaC02 would probably be lower as in the other later patient with pneumoconiosis. However, these PaC02 values are below the "arrhythmia threshold" which was determined by Black, Linde, Dripps and Price l2 to be 92 mmHg (range 60-140 mmHg).
The ventilation pressures used by Pollard 4 and Jacobsen, Skovsted and Thomsen 5 were high (27-47.6 cm water). However, in jet injector techniques the driving pressures used 4 Ventilation rate should be slow e.g. five or six per minute to allow enough time for complete expiration during each respiratory cycle. Thus tidal volume should be large e.g. one to two litres to achieve adequate ventilation. The angle-piece connecting the endotracheal tube to the corrugated rubber catheter mount is curved (Magill, Rowbotham or Nosworthy) rather than right-angled to minimise turbulent flow.14 Safety of the method is demonstrated by the absence of complications. Optimal operating conditions including good vision and access to the larynx were obtained and there was no limitation in operating time.
There is minimal pollution of operating theatres by anaesthetic gases as a conventional scavenging system for expired gases can be used and no special equipment is required. The Portex blue-line tube is readily available, cheap and disposable. Finally, the method is simple to apply.
